Isotopes and Applications Working Group: Report update October 2013 (a) Any changes to the scientific program-Scientific Overview
No significant changes are proposed for the scientific program. The standard mode of operation at FRIB will be to produce a rare isotope beam for a primary user, for example 60 Ca from a 82 Se beam. At the same time, the fragmentation or fission of the production beam will produce up to 1000 other isotopes that could be collected (harvested) and used for other experiments or applications. The potential applications of these harvested isotopes range from the determination of neutron cross sections for homeland security to kinetic studies of radionuclide uptake in biological processes. Longer-lived samples of the unused isotopes could be collected and used in an ion source for accelerated beam experiments at ReA3, ReA12 or other accelerator facilities outside FRIB.
Given these possibilities, the harvesting working group addresses two general areas:
The potential uses of rare isotopes at FRIB that fall outside of basic research in nuclear physics, astrophysics, and particle physics
The collection of selected isotopes that could be used to prepare radioactive targets or samples for experiments and allow a limited multi-user capability at FRIB. The general areas of interest fall into 7 broad categories:
Nuclear power (nuclear data is needed to optimize reactor design, safeguards applications, and for studies related to reprocessing or disposal of nuclear waste) Homeland security (nuclear data is needed for modeling of nuclear reactions, detection of nuclear material and other threats, and development and calibration of threat detection technologies) Stockpile stewardship (nuclear data is needed for modeling of nuclear reaction networks, similar to astrophysics studies, such as (n,2n), (n,γ), (n,p), and (n,f)) Medical diagnostics (development of new imaging and treatment technologies, kinetic studies of material uptake in the body, and the possible production of biomedical radioisotopes for diagnostics and therapy) Nanoprobes for materials science using radioisotopes (for example the use of polarized 8 Li)
Fundamental symmetries, specifically the measurement of enhanced electric dipole moments of isotopes with significant octupole collectivity. Harvesting of isotopes could take place at various stages in the fragment separator, shown below. While a large number of isotopes may be available in the cooling water near the production target, the ions of interest may be overwhelmed by additional species. In addition, the cooling water from the beamline magnets has been initially designed to be on the same loop as the beam dump, further complicating separation. The Isotopes Harvesting Working Group has recommended that these lines be separate.
The separation of the cooling lines may allow collection of longer-lived species if the appropriate infrastructure is in place. For example, additional extraction columns may be placed on a secondary loop streaming a subset of the cooling water volume. These columns may be configured such that they may be replaced with relative ease; the removed columns may be transferred to a hot lab to collect the trapped ions. This collection scheme may work with longer-lived species, such as 32 Si (T 1/2 = 160 y) and 44 Ti (T 1/2 = 11 y).
The collection of isotopes may also take place at the mass slits along the FRIB separator. While these collection sites have the advantage of providing much cleaner separation, the production will be dependent upon the scientific program and the specific experiment being conducted. The ions may be embedded onto catcher foils, comprised of a "sandwich" of materials, similar to how isotopes are collected at the LANL isotope production facility. To limit contaminants, the beam tuning may be conducted on standard mass slits. These slits would then be exchanged for the collection slits for the production run. The exchange of mass slits would have to occur on a short time scale to minimize interference with the science program. Appropriate engineering of the operation, exchange and handling of the mass slits will have to be explored. Isotopes with intermediate half-lives (e.g. 182 Ta (T 1/2 = 114 d) may be collected along the mass slits.
Isotopes may also be collected at the focus of the mass separator. These ions will have the least contaminants, and may be collected directly on a foil and used in a secondary experiment without further processing. Isotope collection in this manner is not parasitic, and will require the user to have the collection time bid for in a competitive process with experiments from the scientific program. For short-lived isotopes that are produced with high yields at FRIB, this may be the preferred collection scheme.
Finally one last idea surfaced during the group discussions at the second workshop for a potential radioisotope production site: namely using the secondary neutrons from the primary target and/or beam dump. FRIB will produce a significant flux (~10 10 /cm 2 sec) of high energy (~200 MeV) neutrons and one could consider the possibility of using these neutrons for isotope production and/or materials testing. This will require the ability to insert and retrieve targets materials (with and without a moderator) into the neutron beam near the carbon target and/or the beam dump. It was noted that something similar to this capability is already included in the planned facility. Post irradiation the targets/test materials will require transport in shielded casks to hot cells for processing and/or analysis. These may conducted in the same facilities planned for isotope harvesting from the beam dump.
Regardless of the collection scheme, a hot cell facility must be available for isotope harvesting. A modular facility has been discussed with FRIB staff, where users will provide a portable hot cell for use during a collection campaign. Upon conclusion of the collection period, the user will remove the hot cell and assorted items. The infrastructure to support the temporary hot cells, (e.g. crane, ventilation, rails) will be provided by FRIB. Initially, two such temporary hot cells may be supported with expansion plans for up to six cells.
(c) Progress made since last report -current status
There was a second isotope harvesting/applications workshop held at MSU July 23-24, 2012. More details can be obtained from "Proceedings: Second Workshop on Harvesting Radioisotopes from FRIB", 2012.
Water cell harvesting end station was designed and constructed by Hope College and Washington Univ. St. Louis and tested at MSU. Cu from the water cell using the apparatus shown in Fig. 2 . The collection efficiency of 24 Na from water samples sent to Hope College for quantification via gamma-ray counting was determined to be ~50-55% in preliminary runs. 
(d) Near term activities and required resources and funding
For each of the isotope harvesting scenarios described above, it was recommended that a single dedicated experimental radiochemical facility for harvesting, separation and characterization of the harvested material would be needed as part of FRIB to accommodate both internal as well as external users of the radioisotopes. Even for off-site usage of the harvested radioisotopes, a wetlab facility to characterize and package the radioisotopes for transport would be needed. Several suggestions made by the FRIB staff indicated additional space adjacent to the primary target facility that might be used, depending on the size of the radiochemistry lab and facilities required. Details of the suggested space and capabilities of this facility can be found in the "Proceedings: Second Workshop on Harvesting Radioisotopes from FRIB", 2012.
Continued development of the harvesting end station is desired. Begin developments of harvesting from slits including simulations of expected production rates of targeted isotopes. Hold third isotope harvesting/applications workshop (most likely in Spring 2014).
